Cyclin D2 compensates for the loss of cyclin D1 in estrogen-induced mouse uterine epithelial cell proliferation.
The cell cycle-regulatory protein, cyclin D1, is the sensor that connects the intracellular cell cycle machinery to external signals. Given this central role in the control of cell proliferation, it was surprising that mice lacking the cyclin D1 gene were viable and fertile. Fertility requires 17beta-estradiol (E2)-induced uterine luminal epithelial cell proliferation. In these cells E2 causes the translocation of cyclin D1/cyclin-dependent kinase 4 (CDK4) from the cytoplasm into the nucleus with the consequent phosphorylation of the retinoblastoma protein. In cyclin D1 null mice, E2 also induces retinoblastoma protein phosphorylation and DNA synthesis in a normal manner. CDK4 activity was slightly reduced in the D1 null mice compared with wild-type mice. This CDK4 activity was due to complexes of cyclin D2/CDK4. Cyclin D2 was translocated into the nucleus in response to E2 in the cyclin D1-/- mice to a much greater degree than in wild-type mice. This cyclin D2/CDK4 complex was also able to bind p27kip1 in cyclin D1-/- uterine luminal epithelial cells, allowing for the activation of CDK2. Our data show that in vivo cyclin D2 can completely compensate for the loss of cyclin D1 and reinforces the conclusions that cyclin Ds are the central regulatory point in the proliferative responses of epithelial cells to estrogens.